PRELIMINARY DATA SUMMARY

September 1985

U.S. Army Engineer Waterways Experimeni Station
Coastal Engineering Research Center
Field Research Facility
Duck, Nerth Carolina



PRELIMINARY DATA SUMMARY

CERC Field Research Facility
Duck, North Carolina

This report provides a summary of basic oceanographic,
meteorological and bottom profile data for the month. The data were
obtained as part of the Field Research Facility Measurement and Analysis
Work Unit at the U.S. Army Engineer Waterways Experiment Station,
Coastal Engineering Research Center's Field Research Facility in Duck,
North Carolina. The data were collected and the analyses performed by
the FRF staff. These summaries are intended to make the data readily
available to all FRF users, and comments on their content and usefulness
are invited.
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I. INTRODUCTION

The U.S. Army Engineer Waterways Experiment Station, Coastal
Engineering Research Center's (CERC) Field Research Facility (FRF) is
located on the OQuter Banks of North Carolina, near the village of Duck

(Fig.1).

The FRF research program provides a means for obtaining high-
quality field data, particularly during storms, in support of the U.S.
Army Corps of Engineers' coastal engineering research missions. The FRF
consists of a 561-m (1,840 ft? long concrete research pier supported on
0.91 m (3 ft) diameter steel piles. The pier deck is 6.1 m (20 ft)
wide, 7.74 m (25.4 ft) above mean sea level (MSL), and extends from
behind the dunes to approximately the 7.6 m (25 ft) depth contour. In
addition, a main building contains offices, an instrument repair shop,
and a data acquisition room.

One of the responsibilities of the FRF research program is the
collection, analysis and dissemination of data on local oceanographic
and meteorological conditions. Bottom profiles along both sides of the
pier and periodic bathymetric surveys are also performed.

This summary is intended to provide basic data as soon as possible
after they are obtained. Most of the data are daily observations or the
results of preliminary data analysis. In many instances, continuous
analog records and more extensive analyses will be made available later
by the CERC Coastal Engineering Information and Analysis Center (CEIAC).

Table 1 is a list of instruments used, their status during the
month, and the data collection status. Figure 2 identifies the
location of the instruments. The water depth at the wave gages and
current meters vary and may best be determined from the information
contained in Figure 8. Other installation information is contained in
Table 1. All times unless otherwise specified are referenced to Eastern
Standard Time (EST).

Section II presents the meteorological data; Sections III through
VI, oceanographic data; Section VII, nearshore profiles and bathymetry;
and Section VIII, if included, documents special events that occurred at
the FRF during the month.

Questions and/or comments concerning the data may be directed to
Mr. H. Carl Miller at (919) 261-3511.
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I1. METEOROLOGICAL DATA

A variety of instruments have been installed at the FRF (Fig. 2) to
monitor the meteorological conditions. The data presented in Table 2
are collected and stored on magnetic tape using a Data General NOVA-4
computer. For each instrument identified in Table 1 as having analog
outputs, chart records are obtained, a log is maintained and the records
are stored for future reference.

The wind measurements are obtained from a Weather Measure Skyvane
located on the FRF laboratory building (Fig. 2), 19.1 m above mean sea
level (MSL).

" The high and low temperatures are obtained from daily readings of
NWS maximum and minimum thermometers and represent the extreme
temperature values since the last reading.

The following may be useful for converting the data in Table 2 to
other frequently used units of measurement: ’

1. Millimeters (mm) to inches (in) -
mm x .03937 = in

. Millibars (mb) to inches of mercury (in Hg) -
mb x 0.02953 = in Hg

[ 2]

3. Degrees Celcius (C) to degrees Fahrenheit (F) -
(Cx 9/5) + 32 =F

4. Meters per second (m/s) to knots (kn) -
m/s x 1.943 = kn
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TABLE 23

WIND TEMPERATURE

SPEED DIRECTION
DAY HOuR (W/S)

(DEG TN)

75

46

56
100
10
174
193
195
233
241
209
173
235
242
231
195
235
250
238
200
233
246
243
214
243
267

26
113

249
17
192
2461
237
230
189
227
234
208
193
237
1
18
38
49
39
10
29
25

358
358
13
23
24
31
46
41
34
43
&4
38
40
40

RETEORDLOGICAL DATA

SEPTEWBER 2985

(bEC ©)

22.5
23.2
25.8
23.1
23.2
26.5
28.7
25.1
24.1
25.5
29.7
26-1
25.1
25.8
31.8
28.4
25.7
26.4
32.1
28.8
25.4
26.2
31.8
28.8
26.3
26.2
29.3
26. z
24.3
25.9
31.2
27.7
26.2
26.6
31.8
27.3
25.8
26.3
32-1
27.6
26.2
24.9
24.2
22.7
22.0
21.4
22.4
20.95
21.0
19.4
18.5
16.6
17.1
18.3
19.7
17.6
17.9
19.2
20.8
19.3
19.4
20.1
21.2
19.4

ATH
PRESSURE
me)

1018.3
1021.7
1023.7
1023.6
1024.2
1024.4
1022.9
1021.3
1020.9
1019.2
1019.2
1019.2
1019.2
1019.2
1019.2
1015.8
1015.8
1019.2
1015.8
1015.8
1015.8
1019.2
1015.8
1015.8
1015.8
1019.2
1019.2
1019.2
1019.2
1019.2
1019.2
1015.8
1015.8
1015.8
1015.8
1014.1
1013.1
1013.4
1015.8
1012.4
1012.4
1012.4
1015.8
1015.8
1019.2
1019.2
1019.2
1019.2
1022.6
1022.6
1026.0
1026.0
1026.0
1029.3
1029.3
1029.3
1029.3
1026.0
1026.0
1026.0
1026.0
1022.6
1022.6
1022.6

PART 3
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0
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0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0

0
0
0
0
o
0
0
0
0
1]
0
0
0
0
0
0
0
[+
0
0
0
0
0
0
0
0
0

0

0
0
0
0

0

0

0

0



TABLE 22 METEOROLOGSICAL DATA

PART 2
SEPTEMBER 1985
WIND WIND TERPERATURE AT PRECIPITATION
SPEED DIRECTION PRESSURE

DAY HOUR (mMsS) (DEE TNR) (bEG C) (na) (ME)
17 100 4 41 20.0 1022.6 0
700 L4 38 21.1 1022.6 0

1300 8 37 22.0 1022.6 0
1900 b 27 20.6 1022.6 (]

18 100 b 23 20.5 1022.6 0
700 8 9 20.7 1026.0 1]

1300 é 27 22.6 1026.0 0
1900 - 2t.1 1026.0 0

19 100 21.4 1026.0 0
700 3 36 22.2 1026.0 [

1300 ? 49 23.6 1026.0 0
1900 5 58 21.7 1022.6 0

20 100 3 25 21.3 1022.6 0
700 S 24 22.2 1022.6 0

1300 ) 14 244 - 1022.6 0
1900 S 94 22.3 1022.6 0

29 100 3 120 21.6 1022.6 0
700 4 &9 22.4 1022.6 0

1300 5 64 4.5 1020.2 0
1900 3 76 22.6 1019.5 0

22 100 4 66 22.8 1017.8 0
700 7 12 21.0 1017.5 0

1300 4 80 236 1015.8 0
1900 6 & 22.3 1095.8 28

23 100 8 45 21.4 1015.8 13
700 é 326 21.2 1015.5 0

1300 18 240 1.9 1002.9 9
1900 & 291 23.0 10141 0

24 100 S 263 20.5 1015.5 0
700 A 270 20.0 1016.1 o

1300 /] * 1015.5 0
1900 2 160 23.1 1015.5 0

25 100 3 229 22.6 1016.7 0
700 12 24 21.1 1018.3 0

1300 10 28 21.0 1018.3° 0
1900 8 29 1017.6 0

26 100 8 49 1015.8 3
100 S 351 1013.8 : 27

1300 8 ksl 1009.7 0
1900 13 57 Gage 1001.9 0

27 100 21 67 Inoperative 973.1 o}
700 15 250 999.9 0

1300 6 232 10098.4 0
1900 4 191 1011.4 0

28 100 ] 293 1015.8 0
700 4 317 1021.6 0

1300 8 6 1024.3 o
1900 ) 19 1025.6 0

29 100 S 30 1026.2 0
700 ] 58 1027.2 ]

1300 ] &5 1026.6 0
1900 & 66 1024.5 ]

30 100 & 63 1024.1 0
700 4 43 1023.3 0

1300 4 57 1022.2 0
1900 ] 88 1020.3 0

*<Electronic problems




I11. WAVE DATA

Wave data were collected from two Baylor staff gages (CERC gage
Nos. 625 and 645) and Waverider buoys (CERC gage Nos. 630 and 640, Table
1 and Figure 2). The data were collected, analyzed, and stored on
magnetic tape using a Data General NOVA-4 computer.

The NOVA-4 is programmed to sample the wave gages every 6 hours
near 0100, 0700, 1300, and 1900 EST at a sampling rate of four times per
second, collecting data in 20- minute records. :

Wave height (Hmo) is an energy-based statistic equal to four times
~ the standard deviation of the sea surface elevations. The wave period
is identified from the computation of a variance (energy) spectrum using
a Fast Fourier Transform of 4096 data points (1024 sec). The period
(Tp) is that associated with the maximum energy density in the spectrum.
When this analysis is complete, the data are written to magnetic tape
and entered into the CERC data base.

Table 3 presents the wave heights and periods for each wave record
obtained during the month. The monthly means shown in Table 3 are an
average of the values computed for all data records collected. The
monthly standard deviations are standard deviations from the monthly
mean of values for each record.

Figure 3 is a time history of the Hmo and Tp values for the
Waverider 6 km from shore (630) and the Baylor gage at pier station
19+00 (625).

Differences in wave periods between wave gages (Table 4 and Figure
3) may be due to wave breaking or reformation, or the presence of
multiple wave trains containing nearly equal energy.
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1

N

(L)

19

1
7
13

1

7

13
19
1
7
13
19
1
7
13
19
1
7
13
1?
>
7
12
19
1
7
13
19
1
?
13
19
1
7

13

-19

10

11

12

14

16

1
7
13
19
1
7
13
19
1
7
13
19
1
7

-
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19
1
7
13
19
1
7
12
19
1
7
13
19

*=Flectronic Problems
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Baylor atl 7480
Haolm) Tisec)

.68 3.9%
. 6% S9.99
»ob 5.63
.43 7.42
.92 '6.87
-‘B C 9.7
-34 ®.75
-39 ®.75
.29 12.34
=34 11.25
.30 12.80
.30 11.98
.27 11.98
.26 11.98
.23 11.25
.24 11.25
23 11.25
.19 11.25
.24 10.04
.26 ?.53
.28 B.64 .
.25 ?.06
.26 ?.53
.26 9.06
27 11.98
.22 11.25
.30 11.98
.24 11.98
.28 11.98
.22 11.25
.21 11.98
.21 ?.53
26 10.481
.19 11.98
-26: 11.25
.29 10.61
.21 11.25
«16 10.04
.22 14.84
.29 13.74
.18 12.80
.30 17.66
1.19 4.96
1.29 6.52
.97 5.24
.97 4.96
.81 4.71
.81 $.72
.89 5.09
1.33 5.72
1.41 6.52
1.46 7.01
1.48 &.30
1.61 b6.76
1.36 7.01
1.12 4.83
1.00 4.96
.89 4,59
.72 11.2%
.70 4.38
.83 10.04
=77 3.61
.73 4.59
.75 5.29

TABRLE 3:

.42
.52
77
.62
-54
.42
.71
.70
- 56

.66

-

.62
62
.68

=
.52

<015

-1é
-30
37
.41
.34
.34
.30

.20

.21

.20
.18
.80
.30
-41
.43
.42
.47
.42
.49
.53
.37
.34
.26
.2
.20
.25
.87
1.47
1.44
.86
1.23
1.21
1.40
1.64
1.91
1.84
1.91
1.80
1.80
1.59
1.49
1.37
1.11
1.03
.92
1.05
1.08
1.00

SEFTEMBER 1985

425
Boylor ot 19400
Hmotm) Tisec)

5.02
6.40
8.06
7.42
8.83
9.75
9.75
8.83
10.89
11.98
12.80
11.98
11.25
11.98
10.04
11.25
11.25
11.25
11.25
8.64
11.98
11.25
11.98
11.25
11.98
11.25
11.25
11.98
11.98
10.04
11.2%
9.53
10.61

10.04

11.25
10.61
10.61
11.25
13.74
11.25
12.80
17.86
5.24
7.01
7.01
5.72
7.91
.64
5.09
6.10
6.30
7.01
6.52
6.30
7.91
10.04
?.532

10.61
?.53

10.61

10.04

10.04
4.71
4.71

10

WAVE DATA

1.11
.84

.88
.77

" 73

N Y4
=77

.62

T .69

75

.78
«60 -

-49
.41
.43

<47

- 4%
«42

-39

- A%

3y

«37
C .42
.48
=51
-50
-46

=53
.47
.52
.59
.42
.34
.36
.38
.28
.36
1.33
1.55
1.43
1.30
1.28
1.29
1.42
1.75
1.94
1.84
2.01

1.79
i1.e1
1.58
1.47
1.41
1.12
1.00

-93
1.04
1.13
1.05

-

&40
Nearsht Wvrdr
Huo(m) Tisec?)

5.99.

.99

9.75
9.75

8.83 .

12.34
11.25%

12.80

11.98
11.986
11.25
10.04
11.25

11.98

10.61
10.04
10.04
10.04

?.06
11.9€
11.25
11.25

11.98. ..

©11.98

11.98
11.98
10.61

11.25

10.61

10.61
10.04
11.25
11.98
10.41
11.25
9.53
11.25
11.98
10.61
5.39
7.01
7.01
7.29
7.29
B.64
6.10

$.55

6.30
7.59
6.76
7.01
7.29
10.04
9.93
?.53
10.04
9.53
g.06
10.04
10.04
B.64

FART 1

Cen
1.06

.92

~-40

e 33
.99
.82

.70
.78
.65
-64
.66

- 60 .
.61

.43
T RS

C.A77

.50

~AT

.43

.47
.46 .

47

- .47

.49
J49
.43

- o AG
.56

-51

iS00
L ebY T 9,5
"10.04
46,61

G
.39

.28

.47

.37

.40
1.45
1.93
1.63
1.70
1.4¢
1.47
1.61
2.17

2.32

2.13
2.31
2.15
2.02
1.71
1.64
1.52
1.18
1.12
1.01
1.13
1.20
1.13

(S
b

630
Farshr
=Hgo(m) I(se:)

WUvrdr

<R

s vs 8 e s @
NWOoo98 O
G & L o

0 M| W
W -0

T e ) .
omoorRLown
o

¥1.98

; 1 11;25 i
‘11.98
. 13,25 -4

11.29

10.04

111,25
132580

11.25
9.0¢6"
9.06

. 9.06

11.98

11.25
;}1,?3A
-11.98

11.98

'11.98°%

11.25
10.04
9.53

10.04
11,25

10.61
10.61
9,53

10.04
11.25
11.98
9.53
5.39
6.76
7.29
&.76
5.55
8.64
4.94
5.39
7.01
5.39
6.10
6.76
6.30
6.52
£.10
B.26
9.06
10.41
10.61
6.10
4.83
9.53




TARLE 33 WAVE DATA FARY 2
SEFTEMEER 19895
GAGE 445 425 440 630

taylor at 7460 kaylor ot 19400 Nearshr Wvrdr Farshr Wvrdr
pAY  TIME Hnolwm) T(sec) Haolm) Tisec) Humo(m) T(sec) Hauo(m) Tisec)
17 1 « 65 8.64 .92 9.593 -96 9.06 1.05 ?.53
? .71 7.91 .92 9.53 .71 9.06 1.0% 7.29

12 75 8.26 1.05 4.09 1.15 9.53 1.18 2.53

19 .75 B.64 .97 4,48 1.04 7.91 1.17 8.24

18 1 .64 7.91 .90 7.59 .99 9.04 1.02 8.464
7 .82 6.10 1.17 ?.53 1.25 9.06 1.37 8.64

13 « 64 10.04 1.04 10.04 1.19 9.06 1.20 8.64

19 .83 12.80 1.17 12.60 1.31 12.80 1.28 12.80

19 1 .78 11.98 1.28 11.98 1.39 11.98 1.38 11.98
7 .78 11.25 1.21 11.98 1.29 11.98 1.38 9.08

13 .81 12.80 1.21 11.98 1.27 - 11.98 1.36 11.2%

19 1.03 11.98 1.17 11.98 1 1.25 11.98 1.37 11.25

20 1 .48 8.28 .98 10.04 1.03 11.25 1.05 10.61
7 .63 9.53 .87 9.53 .91 10.04 1.03 11.2%

13 «63 8.64 .€0 10.61 .88 9.06 .58 8.26

19 .67 9.0 .87 9.53 .92 10.04 1.05 11.25

21 1 .63 8.64 .B1 11.25 -83 14.84 .29 ?.04
7 « 55 13.74 .78 10.61 .B4 10.61 .88 10.61

13 .69 8.06 .89 10.8%9 .98 12.34 .9¢ 10.89

19 .70 14,22 .82 10.89 .88 10.89 1.02 ?.75

22 1 .74 14.22 .87 14.22 .90 14.22 1.00 €.83
7 .8% 7.42 1.07 6.87 1.15 6.40 1.30 8.04

13 1.24 B.44 1.31 8.26 1.41 8.26 1.63 7.29

19 1.23 9.06 1.30 7.29 1.47 7.59 1.72 B.64

23 1 1.45 7.5¢9 1.53 7.29 1.64 B8.64 1.96 B8.64
7 1.47 10.89 1.23 10.89 1.73 9.75 1.89 .75

13 1.02 8.83 .89 9.75 1.38 8.83 1.65 9.75

19 .96 14.22 . 1.32 8.83 1.52 7.42 1.71 8.83

24 1 .70 12.34 1.13 12.34 1.23 12.34 1.37 8.06
? .69 B.0é .81 B8.06 .91 12.34 1.01 7.42

13 - .

19 ™ * 1.03 10.89 .98 10.89

25 1 1.05 10.89
7 1.10 A4.53 1.34 10.89 1.44 4.13

13 .87 6.40 1.51 0.63 1.65 S.99

19 1.05 12.34 1.24 12.34 1.62 12.34

28 1 »93 14.22 .93 10.89 Gage Inoperative 1.57  12.34

7 .92 14.22 .82 14.22 .

13 1.94 12.80 1.09 12.80 2.07 14.84

19 2.09 16.13 1.91 13.74 3.66 14.84

27 1 2.10 12.80 2.42 16.13 &6.12 14.84
7 2.08 14.84 1.59 14.84 3.11 14.84

13 1.26 13.74 1.45 12.80

19 1.19 9.53 1.46 10.04

28 1 .95 8.64 - 1.17 8. 64
7 .75 .75 1.06 8.83

13 .91 .63 1.39 6.40

19 .66 8.83 1.04 5,463

29 1 -64 6.40 .84 6.87
7 .58 7.42 .35 /.06 .B3 5.99

13 .94 2.69 ed 14.22 .70 €.04

19 -1 6.87 .32 6.87 .81 6.87

30 1 .41 6£.87 .28 14,22 .76 6.40
7 .50 14.22 27 14,22 &7 4.32

13 .48 14.22 .26 14,22 .41 7.42

19 .59 5.99 .25 7.42 -25 5.99 .65 &6.40

HEAN .72 Q.47 -7 10.04 =95 9.89 1.12 T.24
STh A3 3.15 .49 2.67 . AS 2.04 .75 2.46

*=Electronic Problems
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IV. CURRENT DATA

Current data (Table 4) are collected from two Marsh-McBirney
electromagnetic biaxial current meters (Table 1 and Figure 2) and by
visually observing the movement of dye on the water surface in the surf
and at the seaward end of the pier, as well as 500 m updrift of the pier
12 m offshore.

Since the shoreline orientation is approximately N20W, alongshore
currents flow either toward 340 (i.e. northward) or toward 160 (i.e.
southward). Similarly, cross-shore currents are either onshore
(westward) or offshore (eastward). S

All current speeds are given in centimeters per second.
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TARLE 4: CURRENT DATA
(SHEEDS IN CH/ELC)

Septenber 1985
. EIER_NMEASUREMENTS tEEACH MEASURENENTS!
: ] t (%00 UFDKIFTY !
t DYE AT ! CURRENT METER ' t  CURKENT METER
1 19400 t AT 34420¢433n2 ¢ DLYE AT MID- SUKF ZONC! e ' AT SDUTH TRIFOL
P CS72%m) I.D.8639 : ({ SUKFACE ) H 12 OFFSHORE I(DEFTH -4.8m MSL)
LCSURF AL 20 (DCFTH —4.2a MSL)! p1ST. TROM ' ( SURFACL ) : I.0.8679
pevi 1 WE_______SPEEDIDIKISFEED___i____ DIBIFASELINECH)ISFEEDiDIKILOCATION:SEEERILIRISPEEL 1 DIE..__.
1 0100-Alongshore & . 1 1) H H ! H
Cross-shore | H 1 ON H H i 0 ]
kesultont ___&_ ________ R FE SN 208 ___¢ - Yoo i - 240____i_
1 0700-Alongshore | 0 o ! 1 S [ 61 s 3 § ! 3 N i
Cross-shore | ¢ p ! 2 ON o126 0 0 ! North H 3 oF H
Resultont____!_ D n__i 2 22¢ H 61...152% ... 1 4 21 ;
1 1300-Alongshore ' [ ) S : [ i 2 s [
Cross-shore ¢ H 1 ON H ' i 1 oF H
kesultgnt i i 1 215 H - I i 2_____143 H
1 1900-Alongshore H : 3 S H 3 [ 3 N H
Cross-shore | H 1 ON H H : 1 ON H
e Resyltiont i i 3 182 : i 1 3 318____i_
2 0100-Alongshore } B 1 S : : [} é ] [
Cross-shore ¢ H 1 ON H ! H ; g; ;
sultont ____1 I | 219 H H H 1
2 0700-%on%§$\ore - B S 1 8 [ TRt 0 0 1 4 s 1
Cross-shore ¢ 3 Off ¢ 2 ON Y126 0 0 ! South : S ON :
Kesultont____129__ 166 3 2 223 H s5___340% } z -298 H
2 1300-Alongshore H [ 1 S H ! § é s !
Cross-shore ! i 2 ON H ! : 7 ON H
Resultont___ 1 ____ ___ i 2.....222 dmmmccmmme H - i g 298 ___.L.
2 1%900-Alongshore H H 1 S { { ! 3 N i
Cross-shore H 1 ON H i H 3 ON H
cpmmo - Nesultont_ ___1 : 2 224 H - il i__.-4 300 :
§770100-Alongshore ' : 1 S : [ : S N :
Cross-shore | B 2 ON ! H H ] :
Resultont____} 1 2 223 i oo i g 240 i
3 0700-Alongshore 1122 N 1 S H 68 s !' 10 s ! 2._|, N i
Cross-shote | O o 1 ON Y128 0 0 ‘' North ; 2 0: :
kesultant ___1122 340 % 1 205 H €6..157 i -2 343 4
3 1300-Alongshore ' 1 N i : R %r ;
Cross-shore ! H 0 : ] : 1 d :
sultont___ i i __ 1. __ 340 : i i 1 113 ...
3 1900-Alongshore ' B 1 S H :. b 1 N :
Cross-shore ! H 2 oF ! d : 7 OE ‘
Resultont : _S 2 97 H - -4 i 4 = :
~a “6100-Alongshore : H 1 5 3 i ' é N ;
Cross-shore | b 1 ON H H H 2 gF J
sultont s 3 1 205 H R | H 6____3TB____%
4 0700-Alongshore 118 N ¢ 2 S ' 33 N 0 [ 11 N i
Cross-shore | 9 on | 2 oF ¢ 40 16 on | South ! 4 oF '
Resultant 1 20 7.4 .3 115 H 3n__6 i ___ V12 360 i
4 1300-Alongshore [ 1 1 S H i [ 8 N 1
Cross-shore ¢ s [ ' ' ' 4 oF '
Resultant H 1 1 160 H i ——_— 1 9 .2 i
4 1900-Alongshore ' 5 1 S B : ! 9 N $
Cross-shore | ' 3 oF H ! H 4 of H
________ kesultont H H 3 __._._.88 H 1 R H 10 _4 :
% 0100-Alongshore ! ' 1 S ! H i S N H
Cross-shore ! H o ' H H 4] H
Kesultant 1 H 1 160 H e H ] 340 __ &
5 0700-Alorngshore V7 N 1 =3 H 29 N ¢ 7 N 9 N [
Cross-shore ! 3 an ! 1 OF Vo1 0 0 ' South H 3 OF !
Resultant o8 2 ! 1 115 : 29 ___ M0 i .o i ? 358 :
5  1300-Alongshore H H (4] H i H 4 N !
Cross-shore | H 0 H H H [ '
Resultaont ___! H 0 (4] H L - H 4 340 ____.
S 1900-Alongshore H ' 1 S ' ' H 7 N
Cross—shore ! H [ : : H e of
e Kesultont ¢ ot 1__ 160 H R, I $ o2 ____.
é 0100~-Alorgshore H H 1 S i H H 3 N
' Crosc-shore ! ' 1 on ' H : 1 DN
Kesultond___ ! L | 205 e : : U v -
& 0700-Alongshore 1 7 N 1 s ] 5 N ¢ 8 n ¢ S N
Cross-shore ' g on ! ) ' o138 0 0 ' South ! 1 ON
Re tont __ 3 N DR SR 40 : H : <
& 1300-Al§ﬁ;‘shor~e .;.:m.--:n t 1 ls s 55 __349.%-.._ : ; _§§2-_-_
Cross-shore | H S OF H H H 10 oF
Resultont _ _ i ________ - 81 H o ; 3 o 5
4 1900-Alongshore J‘.' ? ! TTTTTTTTY - T lg.. Sg"“'
Cvoss-shore ¢ { 4 H H d or
ee—ewm-Besultont __ : i i i ' 8 354 ____

KEY = ALL SPEEIS IN CM/SEC
N =NDRTHWARD, SHORE FARALLEL

S =S0UTHWARD, SHORE PARALLEL
ON=0ONSHORE
OF =0F FSHORE
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TABLE A4: CURRENT DATA
(SFEEDS IN CH/SEC)

EIER _HEASUREMENTS PREACH MEASUREMENTS!
: .t (500 UFDKIFT) ¢
i DYE AT i CURKENT METER ! : ' : CURRENT METEK
H (1:;30) ! AT 14420(433s) ¢ DIYL AT MID-CURF ZONC! vYe ! AT SOUTH TRIFOD
P (S7%m t 7 1.D.0s3% : ( SURFACE ) H 2M X - '
1CSURFACE M CDEFTH -4.2s MSL): I'IST. FROM ! l(sug':‘z%g“ tz( DEFKD.:Z?/; msL
. Yk
l'%!;aiabtmgg%‘sﬁ___%ﬁEEEl’:EIh{ﬁEEEE---.{ _____ MB‘;:EQSELIEELUHSEEEEiDlE.‘ELQEQI!Ml§EEEDiDIB;SEEEg---LL'lE____.,
Cross-shore | H H H 4 0 H
R f_\ I --__~-o— H H
7 o7oo-§§§§§§§o§. %n‘ { 1 er "ﬁ“‘:l R - S ‘,’ --gg- +
Cross-shore ! 1(11 0616 ' ! 140 18 on ¢ ' 7 OoF ‘:
Resultont ___3 10 346 H 64 __357 ; !
7 1300-—Mon%i$\o%e T i -ty - ; g8
Cross-shore @ 4 H i H 6 oF H
Kesultaont : H H H ' 1
7 IPOO-EiBREEPQ\Gre T yTTTT soesmmmoey T : (8) --30 :
Cross-shore | H ! H H 0 !
ome—-—--Resultant___ 1 H H ! H [+ 0 1
8 0100-Alongshore ¢ ' 1 ' S 2
Cross-shore | ' H ! ! B ON !
esultand_ H —— ! H H H
) 0700-%ong§%o%e T8 TTETTY : TR R e e -+
Cross-shore : 0 0 !} T 140 0 0 ! North IR I ON :
Resyltant ' 44 157 H 47 340 L k4 268 H
8 1300-Alongshore | : ' ) AU S s 1
Cross-shore t H H rooae ON H
Kesultent : : H e H é 211 i
B 1900-Alongshore | : : 1 T U - ]
Cross-shore | i H H H 2 ON H
R kesultont _ 1 ___ i - H e A2 eg3____i
9 0100-Alongshore | 1 : : A G I
Cross-shore | H ! ' e 3 DN H
Resultant ___:___ : e R N H b S— 268 ____1_
% 0700-Alongshore !5 N H : 55 N 26 s 1. -3 N 4
Cross-shote ! 80 on !¢ T 150 0 0 ! south : 1 oN :
Resultont $_9_36_ % _______ e H 55 M3 H S I22____i_
9 1300-Alengshore | 1 1 t 1B N :
Cross—shore | t ! H H 4 oF '
fkesultont 1 H Y e —————_ H ——— 3 b S Z7____i_
© 1900-Alongshore H $ H H H 1% N '
Cross~-thore | H ; ' ' 7 oF X
Resultont i H H ! ' . .
10"~ 9100-Alonashore  § 1 - B *:"'%% """" ROTTTTY
Cross-shore | : H H 1 1 ON '
Resultant } i i : io_.23 238 i
10 0700-Alongshore 110 N H H 2 N 10 N ! 8 N '
Cross-share 1 7 On ¢ i 148 13 On ! South : 3 on }
Resultent ___i 12 17 H 24_13 i 9 319 :
10 1300-plongshore | t ' ! : 5 s !
Cross-shore § H H ' H 15 ON H
sultant____3 H : I i___ 18 232 H
10 1900-Alongshaore : : H i H g7 N1
Cropss—-shore | H H H H 1 ON !
______ esultant ! _ i : H H ] 2 H
11 omo-giingshore 1 B o T TTTTTY T ! 1?'"";&2““?_
Cross-shore | H H 5 ' H 2 OoN '
kesultant _ i _ i __ g L 3 io__17 333 :
11 0700-Alangshore 1 44 5 ¢ g : 51 s + T3y g T ]
Cross-shove {11 Off ! 46’ Y150 5 Off ' North ! . ON !
Resultant____ 3. 45 _ Q74 _:___ : : : :
11 1300-53ongsgor-e | e i f “““ -51__..165_7' : : ___Zgﬂ :
Cross-shore ! ' B.. : : Y] DN :
fesultant___ 1 : : P12 241 :
11 1900-Alongshore  § : 2 : R - s
Crocs-shore | ' L H H i :
: : : ! 3 oN :
_________ kesultont __ % __ : H H H 2 !
127 0100-Alongshore CTTTTTTTTYT % 1 ------7---------—-----—--%---f‘-j “““ lga‘ﬂ““f‘
Cross-shore ! : 8 : ' : ¢ oN
kesultornt ___i_________ % ! ! : 5 183 :
12 0700-Alongshore 1 47§ 1 . 87 5 3 s i 15 s i
5::315‘:::: i z‘ ;& (fg_ : }ouo 26 Off | Porth : 7 ON :
12 1300-Alongshore 1o TR ; -----2 17 . b A 182t
Cross—shore H H .: : ; %N :
Resultant __ 3 % : : : 2 34 :
12 1900-Alongshore ¢ : T ittt S it -l 234____i_
Cross—shore ! H H .: : 13 SDN :
eee e ——_Eesultont_ i i . S SR H 16_____182__ i

KEY = ALL SFEED'S IN CM/SEC
N =RORTHWARD, SHURE FARALLEL
§ =SO0UTHWARD, SHORE FARALLEL
ON=DNSHORE
OF =DF FSHORE
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DYE AT
19400
(5798)

.

‘.
i
»

CURRENT METER

AT 144200 433m)

1.0.8639

EIER_MEASUREMENTS

[
1

{CSURFACE )I(DEFTH -4.2s MSL)!

DYE A1 HID-SURF ZONC
( SURFACE )
DIST. FKOM

TAKLE 4:

CURRENT DATA

(SFEEDRS IN CM/SEC)

‘BE

ACH_MEASURENENTS
(300 UFDLRIFT)

CURRENY METER
AT SOUTH TRIFDD
(DEFTH -4.Bm MSL)
1.D.8479

DYE
121 OFFSHORE
(SURFACL)

!
1) N, ) . S ISPEEPIPIRISFEED _ 3 ____ DIRIPASELINECH Y SPEED!PIRILOCATION GPEERIDIRISPEED _ 3 DIB ...
13 0100-Alongshore ' ' [ [ ' 12 S !
Cross—-shore | b 1 ! t é ON '
Resyltant i ] R ! 113 182 1
13 0700-Alongshore 15 8§ [ | 122 s 99 s 1 25 s [l
Cross—-shore | 0 O : LI 13 24 - Ooff | Yorth : 13 ON H
egultont __ 2 05 160 1 ___________ mrmeedeceem——————— A4 e 1 <8 167 H
13 1300-21ongshor-e ] i 1 l‘u..:; I 129 g 1
Cross-shore ! : ! ! ' 16 ON i
Fesultont __ 31 ____ H H ] I . S 182 ___i_
13 1900-Alongshore ! [ | : : 27 S H
Cross-shore | ' H ' LI 1) ,ON !
_______ Besultont H H ——— i (RSP DIV UV S - WOIURO | )-SR O
14 0100-Alongshore : ' [ [ [ 25 S H
Cross-shore ! H B H : 13 oN H
Resultent __ 31 ________ | N i R i__-28 182 i
14 0700-Alongshore 161 S H H 122 8 ¢ 39 s 24 s 1
Cross-shore | 6 On | 152 12 on ' wNorth H 14 ON H
e t____16L_166 . 3 S22 158 1___28 120 ___}
14 1300-&13}%&%&1 ' [ ' ' ! 24 s '
Cross-shore ! ' H H H A4 ON H
Resultant H ! H : 126 181 :
14 1900-Alongshore : 1 : B [ 18 S 1
Cross—-shore | H H : H 8 ON '
________ Kesultont___ I H H S | .20 ____18a____i_
15 0100-Alongshore . H f : ' 11 S |
Cross—shore ! H H H H 7 DN '
Resultont i H — ! O boo 33 1%2___ i
15 0700-Alongshore § 44 § ¢ ! 51 1 B s 6 s i
Cross-shore { 0 O H to1s2 0 0 ' North ! 3 ON i
Resultant_ ___i.44 160 _i_____ H 13 W Ly 2 — : 7 187___.1
15 1300-Alongshore : ! H ! H 12 s !
Cross—-shore | : : H H 7 ON E
Resultont __ ! H fme o : L= 190 i
1% 1900-Alongshore ! H H B : 10 S H
Cross—shore | ! i ' H ; 1:;4 !
Kes nt____} H _ 3 PP B I | 19 3
T8 BT00-Al e eners ") ; : : 11 §
Cross-shore ! 1 ! : H é ON H
Resultant : i H H o 13 __.189 .
14 0700-Alongshore t 30 s 1 [ 21 s i 17 N ! 1 s [
Cross—-shore | 9 o t13s )} 0 ! North H 4 ON {
Resultant $.32 143 . 3 2] 160 : H 4_____ 238 i
16 1300-Alongshore H H § H ) 13 S !
Cross-shore | H H ! H 7 ON \
Resultant H H H H } 15 168 i
14 1900-Alangshore H H : : ' 8 S H
Cross—-shore | H ' i H [ ON H
e ___Resultart : I . : R L___10____ 197____i._
17 0100-Alongshore : [ f H : 10 S H
Crose-shore ! 1 H ! H S ON H
kesultont___ 1 : -8 R P : UG B ¢ | 197____;
17 ©0?00-plongshore HE s ! 4 [ 10 N 10 ' ) {
Crose-shore | 2 Off | | t136 5 on ' MNorth H 4] H
Resultant __ 2 S 17 _! ______ .B S : n__ 8 . : 0 o !
17 1300-Alongshore b 1 ' : I L 5 7%
Cvoss-shaore | H & : : : & ON !
Resultont ___ ¢ i _ ____ 0}--- o : ——aio_ 1A 18%___ i
17 1900-Alongshore ] ! '5 1 B YT T s I
Cross-shore ¢ H : H ' S |
meeeom~--R€Sultopt _ % 0t o : H : 5 :
18 0100-Alongshore : ' 'g.‘ - 3 1T ' e
Cross—shore ! H H H H 4
kesultant H i L'g _____ H : 110
18 0700-Alongshare P 1 s ? 23 N TTTITTTRT Y 3
Cross-shore ! 3 Off ! f142 1s Oon ' South H 3
Kesultont H : : H H
18 13oo-5i§?.§§56’r'~5"'?J'L"lu"?"“““""“'"E """"""" 27__..-1.1_?--_ v i:
Cross-shove | H H H H é
Resultont_ ___! 1 _ H : fo. 13
18 1900-Alongshore ' ' 1 T : 11
Cross-shore ! H ' ' ! 7
________ Resultont __ i ____ : ek 3 T 13

KEY = alLL SFPEEDS IN CM/SEC
N =NORTHWARL, SHORE FARALLEL
S =SOUTHWARD, SHDRE PARALLEL
DON=DNSHORE
OF =OF FSHORE
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TAKLL A4: CURRENT DATA
(SFEEDS IN CH/SEC)

: F1ER_HEASUREMENTS TREACH_MEASURERENTS!
H 5 (500 UFDKIFY) !
¢t IYVE AT ! CURRENT METER | ) H 't CURRENT RETER
119400 t AT 144200433n) ! DYE AT MID-SURF ZONC: nye t AY SOUTH TRIFOD
$(S79m) 1 1.0.8639 ! ( SURFACE) ! 12M OFFSHORE |I¢DEFTH -4.Bm MSL)
{CSURFACEYICDEFTH —-4.2n MOL) 01s71. FROM H ¢ SURFACE) H 1.D.867%
l'“!i_______II'JE_------lSEEEL‘il‘IL\‘iﬁEEEE___3._-_--I.'IBJ',!&SELIL‘ELE)&SEEEEiEIE;LQCQIIQMSEEEMMB=SEEEI',-_1_DIB _____
19  ©0100-Alongshore : | { § T 10 3 1
Cross-shore ! o H 1 ¢ é ON :
Resultgnt __ % ________ i - e H T - 191 i
19 0700-Alongshore § 90 N & : 8§ 7 ISR 1 é 3 :
Cross-shore | 0 o i 3] 18 Oon | Narth H 4 . ON H
Resultont ___1. 10 30 ____ SR D —— 19 .98 Yy SN 12a____i_
19 1300-Alongshore H [ ' : i 13 ] H
Cross-shore | H B H H 7 ON H
Resultont_ __ 1 ________ b § R - c——ed P13 188____l
19 1900-Alongshore ! ' : [ H 21 N '
Cross-shore ! H H H H 3 ON '
e —--Resultont____i 1 e i R V. 3:2____1_
20 0100-Alongshore 1 ' [ ' 1 21 N '
Cross-shore | H H H H ) ; . 32;{ E
ultapnt 1 H -3 S 1 z :
20 O700-§%§n§§horl i 6 Nt : bR b T é N ]
Cross—-shore | 1 on ! V160 37 Off ! South H 3 oF )
Kesyltant 1_6 346 } - H —_——_—_ s 287 ¢ V.2 2 ‘:
20 1300-Alongshore ! [ [ H l‘ 1 N :
Cross-shore & H 4 H t 3 or '
Resultont H . S S I H - S 2L
20 1900-Alongshore t ) ' H '. 22 N :
Cross-shore | ! t : i 2 or :
e e -REBUltODL 3 : N i H 1 20_____3a6___ i
31 0100-Alongshore | ! ) : 133 N !
Cross~shore ¢ H : ': H 3§ ;3: :
ke tant____t________ H H — : - H Y - 1. 1 S S
21 o7oo-£i§ﬁ§§ﬁsre 123 N ¢ : 68 N 3778110 N '
Cross-shore | 7 on Y152 16 Off ' South A & oF !
Resyltont ___1.23 357 : _ R E— 0. A26 % _— I v S 1_1_--__+_
21 1300-Alongshore : H i %- I‘ 34 lar :
Cross-shore ! ! H d ; 11 0 '
Resultant_ e i S : i 6 }-_'5_.._-%-
21 1900-Alongshore | ] 1 | poo23 N ;
Cross—-shore ¢ 3 ' i . 7 Sr '
Resultant - I S I f-—-24 74 i
35""0i00-Alongshore & ! H T H ie N '
Cross—-shore | H i H H 5 EF ;
Resultant H -4 i | I ¥ 237 !
22 0700-Alongshore 116 s ' 102 N H 1 '
Cross-shore | 0 0 H i 140 0 ¢ H H 1 On '
Resultaont 106 __260_ 1 : A02__39D_:__ 1 b S 2%5____i_
22 1300-Alongshore H H H H ! 14 N H
Cross-shore | H H . H 2 ON !
Resultant H H H H 1 14 328____1_
22 1900-Alongshore H H H H : 7 N d
Crocz-zhore ! H ' H ' 1 oN H
_________ Resultant } —do S | - - i _— b 2o 3321
23 0100-Alongshore ! [ H H H S S H
Cross-shore ! : R : : 3 9 oN :
Resultant : : P} N S O H 10 ___.221____:i_
23 0700-Alongshore ' 38 s + i 30 N ¢ 22 N ! 4 s !
Cross-shotre | 6 On | © t202 27 Off ' South ! 10 ON H
Resultont___ 130 15) ! b e T I b A1 ___ 228 i
23 1300-Alongshore % i ®1 : : 1 & n
Crocs-shore ¢ t o) H ' t -10 oF :
Resultant b : el A 230____i_
23 1900-Alongshore H ' = ' ' ' < S '
Croce—chore | H H H H 9 ON .
_________ Bsiallgf_'&____l-________i-___-_é&_________i-_,.____.._ S RN D |+ S > SR o
24 0100-Alongshore H H b H | 3 N H
Crass-shore | 4 B H . 9 ON '
Resultant i I SN — i A - _-281 H
24 0700-Alongshore 112 s ! ' 51 s 17 N 13 N |
Cross—shore | 2 off ! Y144 28 off ' South H é ON !
Kesultoni____} A7 b ! : P14 315 :
24 1300-Alomgshore ?JJ__ — 1 P TTTTTTT 53"‘311'?“' - : > e Ty
Cross-shore ! H H 1 H 35 orF H
Resultont %} A _— t___39 74
24 1900-Alongshore H H . H H as N :
Cross-shore | ! i H H 2 ON !
e ___Resultant H — ! _ R FE i___BS_ 338 H

KEY = ALL SFEEDS IN CM/SEC
N =NDRTHWARD, SHORE FARALLEL
& =SDUTHWARD, SHORE PARALLEL
ON=ONSHORE
OF =DF FSHORE
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TAHBLE 4: CURRENT DPATA
(SFEEDS IN CM/SEC)H

H F1ER_MEASUREMENTS tREACH _MEASURLMENTS!
i . t (S00 UFDRIFT? 4
s DYE AT ¢ CURRENT METER | H 1t CURRENT METEK
! 19400 Tt AT 14420(433s) | YL AT RID-SURF ZONC: IYE ! AT SOUTH TRIFDD
P AS79m) 1 1.0.8639 H { SURFACE) HE 124 OFFSHORE 1(DEFTH -4.8n MSL)
$1CBURFACEY'(DEFTH —4.20 MSL): D1stT. FRUM H ({ SURFACE) i 1.0.847°9

5.!1--_ IINE (SPEEDIPIRIBPEED __ i ____| nls1!eszkw;suz1§eeznmr_c.=‘|.gganau155::&&151555;9---111r_e__---

5 0100-Alongshore ' [ ' i ' a N H
Cross—-shore | ] H H 1 !
Repultiont i § i —— ! — H H

2% 0700-Alongshare i 42 s 1 ' 8 s ¢ 15 s 1
Cross-shore ! 5 Off ! Y1s2 8 Off ! North '
®esultont____3 47 166 i ___ - I — kI v/ S — —-1

2% 1300-Alongshore ' [ H ' t
Cross-shore H H B H H
Resultont i oo —— i - i _— Jio_180 332 ____il

25 1900-Alongshore H H H : H 74 N '
Cross—-shore ! : H ' 4 ON H

e -Wesyltont___ i - i } i —— I & S 3X2__ i

26 0100-Alongshore : B H B : 80 N H
Cross-shore | H i i i S ON H
Resultant ___i__ i i i — i 80 ____ 336__ i

24 0700-Alongshore 3] s 1 [ 51 R i a5 N ! 81 N [
Cross-shore 1§ 1 off | {150 76 off ' Socuth H 4 ON 4
Resultont ___1 27 163 % : 92 284 ¢ 1 81 337 :

24 31300-Alongshore ) : H [ 1 Y N i
Cross-shore & H ‘ H : 3 ON H
kesultant foeen i e i o8 237 H

26 1%00-Alongshore [ B ' [ [ 70 N i
Cross—shore | H H : ! 1 OF H

_________ Resultant H i i ————— S o - i...29 331 ;

27 0100-Alongshore \ [ : B 1 156 N '
Cross—shore | H i H S 70 OF H
Resultont ___1 H —————tee -— I — i.-371 P

27 0700-Alongshore 127 N : ' 122 N ' 77 N [
Crosc-shore 1§ 7 Off | L. 1.7 ] 12 on b 3 ar H
Kesultont __ 127 36 _i_. - i PR I T 1 - o722 _...342___li.

27 1300-Alorgshore i i H H [ 95 N 3
Cross-shore ! H H H H 2 a1 ]] H
Resultant H H . s |, H 25 339 ____i

27 1900-Alongshore ' ' ! : a8 N i
Cross-shore | H H ' ' g; 32; :
Res nt H S . e RPN AR -4 - SIS, . SRS 3

5 BTOo Ao genore ! : ; 1 S B
Cross—-shore ! H H H t 4 ofF H
Re tant S H - H et - : 74_____343 H

28 o7oo-ii§§.§shon > 2 : kS L) 5§77V N ]
Cross-shore 1§ 2 o 128 7 on | Rorth i 2 OF H
Resultant 122 343 ! 349 ___ io__61 342 ;

28 1300-Alongshore H B : H B 82 N H
Cross-shore ! H : i i ? ON H
Resultant H i 1 N S T, - - S 335___%

28 1900-Alongshore \ H H H i 74 N !
Cross-shore | ' H H H 2 ON H

e Resultort___ 3 _________% —— Y e L Lo 24_ 33e___L

29 0100-Alongshore f ' : B H 80 N H
Cross—shore ! H g ' ' H 2 oN H
kesultandt __ % ________i____ : i —mndo B8O 239____%

29 0700-Alongshore i 12 & el : 5 s :
Cross-shore 1 6 off 1 © ' ? OF H
Resultont _ 3 14 167 i ] U . ' I . S 10 ____ 99 ____}

29 1300-Alongshore [ [ & [ 1 & (3 1
Cross—-shore | [ : H 10 or f
Resultont _ ! i ______ H R <, 102}

29 1900-Alongshore [ \ ' [ 5 ) [
Cross-shore | i . H ? OF H

_________ Resultoot __ ¢ i _____ e 2boo20 100

30 0100-Alongshore [ . H S S
Cross-shore & H H G or
Resultont ___: ________i_______ P10 29_

30 0700-Alongshore 't 30 s TNy T T s T s
Cross—shore {1 3 Off ! H 9 or
Kesultant 130 166_¢ ; 10 22

30 1300-Alangshore ' ! T8 s
Cross—shore | H H ° oF
Resultaont LI oo i 12 111

30 1900-Alongshore ¢ ' : T &
Cross-shore | : H H : 9 or

_______ Resultant ___i____ H I ot o1y %8 ___

KEY = ALL SPEEDS IN CM/SEC
N =NOKTHWARD, SHDRE FARALLEL
§ =SOUTHWARD, SHORE PARALLEL
ON=0NSHDRE
OF =OF FSHORE
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V. SUPPLEMENTAL OBSERVATIONS

Visual wave direction measurements (Table 5) taken at the seaward
end of the pier are made of both the primary wave train (i.e. that
having the larger wave heights) and the secondary wave train (which must
be clearly distinguishable as a wave train separate from the primary
waves) but not surface chop or capillary waves. The direction of the
primary wave train just north of the seaward end of the pier is also
determined using a Raytheon Marine Pathfinder radar and measuring
alignment of the wave crests. The pier axis (considered perpendicular
to the beach at the FRF) is orientated 70 east of true north;
- consequently, wave angles greater than 70 imply the waves were coming
from the south side of the pier.

The width of the surf zone (seawardmost breaker position to
shoreline) is determined from the pier deck.

Measurements of surface water temperature, density, and visibility
are made daily at the seaward end of the FRF pier. A jar along with a
thermometer is lowered about .3 m (1 ft) into the water and allowed to
remain for at least one minute. The jar is removed, the temperature
read and a hydrometer is used to determine the density. A secci disc is
used to determine the surface visibility.
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SUPPLEMENTAL OBSERVATIONS

September 1985

WAVE APPROACH ANGLE WATER CHARACTERISTICS
AT PIER ERD RADAR WAVE AT PIER END
(° from True N) ANGLE WIDTH OF DENSITY |SECCI
DAY /TIME pruup.mr_lr SECONDARY {(® from True N)|SURF ZONE (M) TEMP(°C) | (g/cc) IS(H)
1|o720f 45 60 22 23.8 1.0227 | 3.0
2v720 60 140 60 29 24.0 1.0216 | 4.3
3]10755) 60 50 23 23.4 1.0223 | 2.4
4| 0710 50 29 24.0 1.0222 | 4.6
50750 60 60 12 23.4 1.0224 | 4.3
6 10700 75 55 17 22.5 1.0231 | 4.0
7 (0750 80 30 25.4 1.0220 | 6.4
g 0720 { 120 155 18 26.8 1.0202 | 4.9
g9 {0705 95 145 60 23 28.1 1.0216 | 6.1
30 [0820 | 130 60 13 22.8 1.0227 | 3.0
11 jo710 20 20 4 22.0 1.0232 | 2.4
12 [0710 35 30 49 24.2 1.0219 | 2.4
13 0735 45 15 114 23.5 1.0214 | 1.2
14 |0655 50 116 20.6 1.0206 | 2.1
15 {0920 55 40 40 43 21.0 1.0210 | 2.4
16 {0730 85 25 40 54 21.4 1.0200 | 1.8
1 7 10705 75 50 75 69 22.2 1.0200 | 2.1
18 [0715 95 30 55 72 21.8 1.0202 |} 2.1
1 9 |0710 95 15 60 179 22.4 1.0201 | 2.1
2 0 {0705 95 30 80 89 22.5 1.0203 | 4.9
21 10840 67 23.2 1.0205 {1.8
22 |0540 90 15 80 105 23.1 2.1
23 10725 80 20 90 229 23.1 1.0203 | 1.8
24 Jo725 | 100 10 70 80 23.0 1.0201 | 1.5
25 {0710 60 99 22.8 1.0206 | 1.8
2 6 |0720 80 30 90 85 22,5 1 1.0214 1 1.5
b7 11030 | 110 103 230 6
28 10730 | 40 70 67 22.2 | 1.0218] .9
9 |0600 50 70 58 o 0 © 021 1 5'
ho [0710 { 70 70 14 2 0219 =
.4 1.0207 | 2.4
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VI. WATER LEVELS

The National Ocean Services (NOS) has established a primary tide
station (No. 865- 1370) at the seaward end of the FRF pier. A Leupold-
Stevens digital recording float-type tide gage is used to collect data
every 6 minutes throughout the month.

Figure 4 shows the range of each cycle while Figure 5 shows the
variation in mean water levels computed over a tidal cycle period (12.42
hours), and contains a list of selected mean and extreme values. This
presentation is useful in identifying effects on both meteorological and
astronomical forces on the open coast water levels.

" Table 6 contains the time of the center of each sampling interval
and the range, high, low, and mean water levels during each tidal cycle.
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DAY

-d -
OOOVOMNNOCOCVNVESHWNN-=
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-d b

NN N NNNNNNM—"—‘—D-J—‘J—I—.—‘-D.J-l-l.A-)—I
gggzz:gmmagummaaoooowwﬁﬂoommapwuwu

N
0

30

CYCLE
TIME

612
1837
702
1928
753
2018
B43
2108
934
2159
1024
2249
1114
2340
1205
30
1255
120
1346
211
1436
301
1526
352
1617
442
1707
532
1758
623
1848
713
1938
804
2029
854
2119
944
2210
1035
2300
1125
2350
1216
41
1306
13
1356
222
1447
312
1537
402
1628
453
1718
543

LOW

HIGH

&1

«67
52

«51
«58
40
«51
« 31
=50
.54
32
.53
.26
«55
29
b2

72
.98
83

1.03

«95
<93
«78
.82
90
« 79
95
«72
«87
.62
77
38
63
36
59
<36
.SE
.98
69
75
'64
.87
«72
.99
1.24
«75
<43
52
55
«60

25

MEAN
.29
.09
<11
.10
.04

05
-.02

-33
«29
.16
.12
.13
«13
«23
13
21
.06
<15
-.04
-08
-.06
.08
-.02
<12
<16
&5
«34
«29
<17
.34
24
- 34
.53
=16
-.01
=01
-.00
.07

RANGE

1.02

.82

o T4
«96
.69
.88
- 60
«37
-55
-48
«73
37
-87
~59
.92
«71

1.23
1.10
1.19
1.23
1.24
1.41
1.45
1.31
1.47
1.16
1.39
1.03
1.29

-84
1.15

- 81
1.06

«79

.98

.89
1.06

« 71

.98
1.04

«96
1.25
1.08
1.12
1.15
1.C5
1-14
1.02
1.11

TABLE 6

WATER LEVELS (METERS MSL)

Tidal Characteristics
September 1985



VII. NEARSHORE PROFILES

A. Nearshore Profiles. In order to document profile response away
from the pier, surveys of four profile lines extending 900 to 1,000 m
from shore and located 489 and 581 m north and 517 and 608 m south of
the FRF pier are conducted bi-weekly, after storms, and during more
complete bathymetric surveys.

These profiles are obtained using the CRAB-Zeiss surveying system;
a Zeiss Elta-2 first-order, self-recording electronic theodolite
distance meter in combination with the Coastal Research Amphibious
Buggy (CRAB), a 10.7 m high, self-powered, mobile tripod on wheels.

Figure 6 shows the last survey in August and the five surveys taken
during September on profile line 188, located 517 m south of the pier.
The most dramatic changes occurred in the nearshore (120 to 240 m). The
last survey in August and the first September survey show the presence of
only a small rudimentary nearshore bar (130 m). However, the bar (160 m)
reformed following a small storm on the 13th and 14th. The survey
obtained on the 25th in anticipation of Hurricane Gloria showed a smaller
bar which had migrated 20 m offshore (180 m). The last survey in
September immediately following the passage of Hurricane Gloria showed
the redevelopment of a well defined nearshore bar (200 m) with a deep
inner trough. The bar crest had shifted an additional 20 m offshore.
The outer bar also reformed (320 m). '

PROFILE LINE 188

-——---- 15 SEP 85
5 -. —————— 25 SEP BS
- ——— 28 SEP BS

ELEVATION ABOVE MSL (M)

v nd -r v v v T

s — ]
DISTANCE FROM BASELINE (M)

Figure 6. Monthly CRAB profil . _
517 meters south of pier. y profiles on profile 188
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The profile envelope (Figure 7) reflects the maximum changes which
occurred on the profile between January and September. Hurricane Gloria
was responsible for the changes visible on the lower envelope profile

130 m) as well as the seawardmost changes on the upper envelope profile
180 m). The remaining changes to the upper profile reflect the seaward
migration of the nearshore bar prior to Hurricane Gloria (27 September).

PROFILE LINE 188

FROM: 2 JAN 85
T0: 28 SEP 85

. CHRNGES
] SINCE: 22 AUE 85

ELEVATION ABOVE MSL (M)

40 e r—————
0 200 4

00 600
DISTANCE FROM BASELINE (M)

T v v Y v T

Figure 7. CRAB profile envelope — profile 188.

B. Bathymetry. This month's survey was completed on 28 September
following the passage of Hurricane Gloria which caused significant bottom
changes. Because of this, the data are presented and discussed in
Section VIII, Special Events.
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VIII. SPECIAL EVENTS

A. Storm Data Coliection. The following list identifies times when
the wave height at the seaward end of the pier (i.e. as measured by the

Baylor gage #625 at pier station 19+00) exceeded 2 m and wave records
were obtained every hour:

Start End

26 Sep (1900) 27 Sep (0600)

B. Hurricane Gloria. On the morning of 27 September, Hurricane Gloria
passed over the Field Research Facility. The following discussion of her
passage is excerpted from a more—comprehensive report which will be
published by CERC. Although predicted to affect the area with 130+ mph
winds, the actual path was slightly seaward of the coast resulting in less
than hurricane force winds at the FRF. In addition, Gloria's rapid passage
coincided with low tide which minimized her impact.

Storm Track. Approaching Wilmington, NC from the southeast, the
hurricane veered to the north late on 26 September. Picking up speed,
the storm's eye passed over Cape Hatteras, NC at approximately 0130 on 27
September with the western edge of the eye passing over the FRF at
approximately 0230. Continuing to gain speed, Gloria made landfall at
Long Island, NY early that afternoon.

Meteorological Conditions. Figure 8 shows the time histories of mean
wind speed and direction on the land based tower at the FRF. Beginning on
26 September, ENE winds began to steadily increase reaching their NE peak
of 21 m/s at 0200 on the 27th. At that time, the wind direction shifted
rapidly to the NW and the mean speed dropped dramatically then began to
rapidly increase again reaching the storm's peak wind speed of 22 m/s at
0400. These changes occurred only slightly after the time of minimum
barometric pressure (966 mb), see Figure 9. These observations indicate
that the western edge of the hurricane's eye passed over the FRF at about

0230 on the 27th. Surprisingly, only 30 mm of rainfall was measured
during the storm.

Tides. The ocean tide hydrograph (Figure 10), was measured by the National
Ocean Service primary tide station at the seaward end of the FRF pier.
Predicted values are provided for comparison and indicate that
approximately 5 ft of storm surge was produced during Gloria's passage.
Note the rapid increase beginning at about midnight, reaching a maximum of

1.2 m (4 ft) above NGVD at 0230 or about 1.5 m (5 ft) above the predicted
value at 0230 on the 27th. This was followed by a rapid decrease in water

levels between 0230 and 0330. By the next high tide, predicted levels had
again been reached. It is fortuitous that the storm passed during low

tide, for elevations of more than 8 ft above NGVD would have occurred
during high astronomical tides.
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Figure 8. Wind Speed and Direction Time History
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WATER LEVEL ELEVATION
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Figure 10, Ocean Tide Hydrograph

Waves. Wave heights measured at pier station 14420 (Baylor gage) and
about 6 km (3.7 miles) from shore (Waverider) show similar time
histories (Figure 11). Slow but steadily increasing values during the
afternoon rose much more rapidly between 2000 and midnight on the 26th.
By 0200, maximum wave heights of almost 7 m were recorded at the
offshore location. The Baylor gage, being in much shallower water,
showed considerably smaller values, indicating that the upper limit on
the energy possible at this shallow water depth was reached about
midnight, with maximum values over I m occurring concurrently with the
of fshore maxima, slightly after 0200 on the 27th. Wave heights at all
locations rapidly diminished with passage of the storm's center and
arrival of strong westerly winds. Peak wave periods at the offshore
Waverider increased slightly as the storm approached, reaching about 11
seconds, but then diminished to pre-storm values of about 8 seconds
(Figure 11). At the Baylor gage, however, maximum values reached about
17 seconds during the eye's passage over the site before diminishing to
8 second values. Wave directional measurements computed from the Sxy
directional array indicated that waves approached the pier from slightly
south of shore-normal throughout the storm, even though local winds were
from the east-northeast during the early stages.

Currents. Examination of data from the current meters
indicates that longshore components of flow were northward throughout
the storm, but that their strength varied with time and distance from
shore. Figure 12 shows representative time histories of the longshore
components of currents from 3 gages; one located near the north property
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Figure 11, Wave heights and peak periods
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Figure 12, Time Histories of Longshore Currents

31




line about 114 m (375 ft) from shore, another under the pier about 300 m
1100 ft) from shore, and a third on a bottom-mounted tripod about 500 m
1650 ft) south of the pier end. Near shore currents were high
throughout the period (up to 1.8 m/second). However, offshore current
speeds increased proportionately with wave heights, reaching values
equal to those nearshore at about 0400 on the 27th. The longshore
components approximate the actual current speeds, since the flow was
within 30 degrees of shore parallel. Thus, during these times of rapid
longshore flow far from shore, the surf zone apparently extended much
farther seaward than normal (probably well beyond the end of the pier),
for all the current meters recorded northward flows of over 1.5 m/sec at
that time.

Nearshore Profiles and Bathymetric Changes. In order to document the
response of the nearshore bottom to Hurricane Gloria, pre and post-storm
surveys of two areas were made. One survey area included 25 cross-shore
profiles from the toe of the dune to the 9 m water depth, covering a
longshore distance of 580 m either side of the pier. This area was
surveyed on 21 August (Figure 13) and 28 September (Figure 14). A
smaller, more frequently-surveyed area (the mini-grid) covered an area
north of the pier extending 400 m longshore and 800 m offshore. A pre-
storm survey of this area and two profiles south of the pier were
completed on 25 September, with post-storm profiles obtained on 27 and
28 September. Analyses of these data indicate that changes on either
side of the pier differed significantly.

On the south side, changes to the nearshore bottom were quite linear
(i.e. uniform in the longshore direction). The nearshore bar moved
of fshore about 40 m, and an offshore bar developed about 200 m from
shore. Changes to the shoreline were minimal, with slight landward
movement of the mean sea level intercept throughout the area.

On the north side in contrast, changes were much more three-dimensional
(Figure 15). The pre-storm crescentic bar configuration was greatly
modified, with general offshore movement of the bar and elimination of
small rip channels. The post-storm bathymetry was characterized by a
relatively large depression and a slightly more-pronounced offshore bar.
In this area, a well-developed berm on the upper foreshore was
completely eliminated, although shoreline changes showed some accretion.

Near the research pier, the scour trough under the pier enlarged greatly

to the north. Just north of this trough extensive deposition occurred
(compare the 3 and 4 m contours in Figures 13 and 14).
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PRE-GLORIA MINI-GRID 25 SEP 85

Figure 15. Mini-grid surveys

Summary. Within the vicinity of the Field Research Facility, wave
heights and wind speeds during Hurricane Gloria approximated those
typical of intense northeasters, although of fshore wave heights were
considerably greater. Changes to the nearshore bathymetry were
essentially mirror-images of those observed during northeasters,
apparently due to the fact that Gloria's waves approached from the
south. Changes to the beach and dune were minimized by the hurricane's

rapid passage, and the timing of maximum surge near the astronomical low
water. :
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